02-00045/PCH854S,B>KRCN 

- 1 - 

DESCRIPTION 
FUEL CELL SYSTEM 



1^ 107533901 



5 



10 



TECHNICAL FIELD OF THE INVENTION 

This invention relates to a fuel cell which recirculates hydrogen, and more 
particularly to the removal of impurities accumulated inside a recirculation path. 

BACKGROUND OF THE INVENTION 



A fuel cell system disclosed in JP2000-243417A, published by the Japan 
Patent Office in 2000, supplies hydrogen to the fuel cell by recirculation. As time 
passes, impurities which suppress the generation of electrical power accumulate in 
the gas flowing through the recirculation path, and hence, when the amount of 
15 impurities in the recirculated gas exceeds a predetermined amount, the impurities 
are discharged into the atmosphere with the recirculated gas. 



SUMMARY OF THE INVENTION 



20 However, hydrogen is contained in the gas which flows through the 

recirculation path, and it is undesirable that this hydrogen be discharged as is. 
Further, when hydrogen is produced by reforming materials such as methanol or 
gasoline, components of the material are contained in the hydrogen gas, albeit in 
minute quantities, and it is also undesirable that these components be discharged 

25 as is. 

It has therefore been proposed that the gas inside the recirculation path be 
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mixed with air and burned in a burner to produce steam or the like which is then 
discharged. It has also been proposed that the resultant combustion gas be 
passed through a heat exchanger and reused to raise the temperature of the 
heating medium in the fuel cell. 
5 In this case, if the heating medium passes through the heat exchanger, the 

amount by which the temperature of the heating medium rises is comparatively 
low. If the heating medium does not happen to flow through the heat exchanger, 
however, the generated combustion heat is provided only to the small part of the 
heating medium that remains in the heat exchanger, and thus the temperature of 

10 the heating medium is raised only partially. If the heating medium boils, the 
pressure in the heating medium passage increases, causing breakdowns of the 
system or alteration of the heating medium caused, by thermal decomposition. 

It is therefore an object of this invention to prevent increases in the pressure of 
a heating medium passage and alteration of a heating medium caused by boiling of 

15 the heating medium when discharged recirculated gas is subjected to combustion 
processing. 

In order to achieve the above object, the present invention provides a fuel cell 
system comprising a fuel cell which generates electrical power by causing hydrogen 
and oxygen to react; a hydrogen supplying device which supplies hydrogen to the 

20 fuel cell; a temperature adjustment mechanism which adjusts a temperature of the 
fuel cell by causing a heating medium to flow into the fuel cell; a burner which 
generates high-temperature combustion gas by burning hydrogen; a heat 
exchanger which warms the fuel cell during a cold start-up operation by providing 
the heating medium with the heat of the combustion gas such that the heating 

25 medium is heated; and a hydrogen purging mechanism which causes gas inside 
the hydrogen supplying device to flow into the burner. When hydrogen purging is 
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executed by the hydrogen purging mechanism, the combustion gas generated by 
the burner is discharged toward at least one of a site at which the heating medium 
flows without stopping and a site at which the heating medium is not present. 

The details as well as other features and advantages of this invention are set 
5 forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a constitutional diagram of a fuel cell system according to this 
invention. 

FIG. 2 is a control block diagram of a controller. 

FIG. 3 is a flowchart of determination control for executing a heating 
operation. 

FIG. 4 is a flowchart of heating operation control. 

FIG. 5 is similar to FIG. 1, but illustrates a second embodiment of this 
invention. 

FIG. 6 is a control block diagram of a controller. 
FIG. 7 is a flowchart of determination control for hydrogen purging. 
FIG. 8 is a flowchart of hydrogen purging control. 

FIG. 9 is similar to FIG. 1, but illustrates a third embodiment of this invention. 
FIG. 10 is a control block diagram of a controller. 
FIG. 1 1 is a flowchart of heating medium passage selection control. 
FIG. 12 is a flowchart of hydrogen purging control. 

FIG. 13 is similar to FIG. 2, but shows a control block diagram of a controller 
in a fourth embodiment of this invention. 
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FIG. 14 is a flowchart of hydrogen purging control. 

FIG. 15 is similar to FIG. 1, but illustrates a fifth embodiment of this 
invention. 

FIG. 16 is a flowchart of heating medium passage selection control. 
5 FIG. 17 is a flowchart of hydrogen purging determination control in a sixth 

embodiment of this invention. 

FIG. 18 is a flowchart of heating medium passage selection control. 
FIG. 19 is a flowchart of hydrogen purging control. 

1 0 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

FIGs. 1 through 4 of the drawings show a fuel cell system to which this 
invention is applied. FIG. 1 is a system diagram, FIG. 2 is a control block diagram 

15 of a controller, FIG. 3 is a flowchart of determination control for executing a heating 
operation, and FIG. 4 is a flowchart of heating operation control. 

As shown in FIG. 1, a fuel cell system comprises a fuel cell 1 which generates 
electrical power by receiving a supply of hydrogen and oxygen (air), a hydrogen 
supply system 2 which supplies hydrogen to the fuel cell 1 by recirculation, an 

20 oxidized gas supply system 3 which supplies air containing oxygen to the fuel cell 1, 
a heating medium supply system 4 which supplies a heating medium to the fuel 
cell 1, a burner 5 which burns discharged hydrogen containing impurities, which is 
discharged from the hydrogen supply system 2 during purging execution, together 
with discharged oxygen, and a heat exchanger 6 which performs heat exchange 

25 between the combustion gas of the burner 5 and the heating medium. A 
temperature sensor 7 which detects the temperature of the fuel cell 1 and a 
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wattmeter 8 which detects the state of power generation of the fuel cell 1 are 
connected to the fuel cell 1, and the detection signals thereof are inputted into a 
controller 9. 

The hydrogen supply system 2 reduces the pressure of hydrogen from a 
5 high-pressure storage tank not shown in the drawing to a preset pressure using a 
pressure regulating valve 10 and then supplies the hydrogen to the fuel electrode of 
the fuel cell 1. The discharged hydrogen which is discharged from the fuel 
electrode of the fuel cell 1 is returned to the ejector 2 through a recirculation 
passage 11, mixed with newly supplied hydrogen, and re-supplied to the fuel 

10 electrode of the fuel cell 1. The recirculation passage 1 1 leads to the burner 5 via a 
purging valve 13. When the purging valve 13 is opened, the gas in the 
recirculation passage 1 1 is supplied to the burner 5. The pressure regulating valve 
10 and purging valve 13 are controlled by the controller 9. 

The oxidized gas supply system 3 takes in outside air, compresses the air 

15 using a compressor 14 which is driven by an electric motor not shown in the 
drawing, and then transmits the air such that it is supplied to the oxidizer electrode 
of the fuel cell 1. The discharged air which is discharged from the oxidizer 
electrode is supplied to the burner 5. 

The heating medium supply system 4 controls the temperature of the fuel cell 

20 1 by causing a heating medium to flow through a heating medium passage of the 
fuel cell 1 not shown in the drawing. The heating medium supply system 4 is 
constituted by a pump 16 for pumping the heating medium, which is provided in 
series with the heating medium passage of the fuel cell 1, and a radiator 18 which 
cools the heating medium discharged from the fuel cell 1 via a three-way valve 17. 

25 A fan 19 is provided in the vicinity of the radiator 18. The rotation of the fan 19 is 
controlled by the controller 9, thereby controlling the amount of air transmitted to 
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the radiator 18, and thus the cooling ability of the radiator 18 is adjusted. 

The three-way valve 17 is disposed at a bifurcation point to a heat exchange 
passage 20 which circumvents the radiator 18. The three-way valve 17 is 
switched by the controller 9 to cause the heating medium discharged from the fuel 
5 cell 1 to flow either to the heat exchange passage 20 or to a heat exchanger bypass 
passage 22 on the radiator 18 side which bypasses the heat exchanger 6. 

The heat exchanger 6 is provided at a point on the heat exchange passage 20. 
The heat exchanger 6 is capable of heating the heating medium passing through 
the interior by means of heat exchange with the combustion gas generated in the 

10 burner 5. The heat exchanger 6 is disposed on the heat exchange passage 20 
through which the heating medium does not flow at all times rather than in the 
heating medium supply system 4 through which the heating medium is caused to 
flow at all times by the pump 16, and thus pressure loss caused by the heat 
exchanger 6 is suppressed and decreases in efficiency caused by increases in the 

15 work of the pump 16 are prevented. 

The controller 9 is constituted by one, two, or more microprocessors, memory, 
and an input/output interface. The controller 9 switches the three-way valve 17 
on the basis of the fuel cell temperature of the fuel cell 1 detected by the 
temperature sensor 7. When the fuel cell temperature is higher than a 

20 predetermined temperature, the three-way valve 17 is switched to the radiator 18 
side (the heat exchanger bypass passage 22) such that the heating medium is led 
to the radiator 18 and cooled. The set temperature is determined appropriately 
from within a temperature range in which the fuel cell system can be operated with 
stability. When the fuel cell temperature is lower than the set temperature, the 

25 three-way valve 17 is switched to the heat exchange passage 20 such that the 
heating medium is led to the heat exchanger 6. 



- 7 - 

One of the heat exchange faces of the heat exchanger 6 is supplied with the 
heating medium, and the other heat exchange face is supplied with combustion gas 
from the burner 5 via an exhaust three-way valve 21, and by supplying the heat of 
the combustion gas to the heating medium, the heating medium is heated. As 
5 described above, the heating medium is supplied to the heat exchanger 6 when the 
fuel cell temperature is lower than the set temperature. By increasing the 
temperature of the heating medium, the temperature of the fuel cell 1 is raised. 

When the purging valve 13 is opened, the burner 5 bums recirculated gas 
discharged from the recirculation path 1 1 using discharged air from the oxidized 

10 gas supply system 3. The exhaust three-way valve 21 selects either to discharge 
the generated combustion gas outside or to supply the gas to the heat exchanger 6. 
The switching position of the exhaust three-way valve 21 is controlled by the 
controller 9, and is normally positioned in an outside air side position to discharge 
the combustion gas outside. When the three-way valve 17 of the heating medium 

15 supply system 4 is switched to the heat exchanger 6 side, the exhaust three-way 
valve 2 1 is switched to a heat exchanger 6 side position. By switching the exhaust 
three-way valve 2 1 to the heat exchanger 6 side position such that the combustion 
gas from the burner 5 is supplied to the heat exchanger 6, the heating medium is 
heated by the heat of the combustion gas. 

20 FIG. 2 shows a control block diagram of the controller 9 which is executed at 

predetermined time intervals. 

As shown in FIG. 2, the controller 9 first determines whether or not a heating 
operation is to be executed by means of a heating operation execution 
determination portion 25, and then, by means of a heating operation control 

25 portion 26, either executes a heating operation or continues normal operations 
according to the results of the determination by the detennination portion 25. 



FIG. 3 is a flowchart of the heating operation execution determination portion 
25, and FIG. 4 is a flowchart of the heating operation control portion 26. 

As shown in FIG. 3, first, in a step Sll, the heating operation execution 
determination portion 25 reads a temperature TFC of the fuel cell 1 detected by the 
5 temperature sensor 7. 

In a step S12, a determination is made as to whether the fuel cell temperature 
TFC is higher than a predetermined temperature SLTFC If the fuel cell 
temperature TFC is higher than the predetermined temperature SLTFC, the process 
advances to a step S14, and if not, the process advances to a step S13. 
10 In the step SI 3, a heating operation flag FCOLD is set to 1 (heating operation 

permitted) and the flow ends. In the step S14, the heating operation flag FCOLD is 
set to 0 (heating operation not permitted) and processing ends. 

As shown in FIG. 4, first, in a step S21, the heating operation control portion 
26 determines whether the heating operation flag FCOLD set by the heating 
15 operation execution determination portion 25 is at 1 or 0. If the flag FCOLD is at 0, 
a heating operation is not permitted, and thus the process advances to a step S24. 
If the flag FCOLD is at 1, then the process advances to a step S22. 

In the step S24, the exhaust three-way valve 2 1 is set to the outside air side 
position and processing ends. 
20 In the step S22, in order to perform a heating operation, the purging valve 13 

is opened, the pressure regulating valve 10 is adjusted such that a sufficient 
amount of hydrogen is supplied to generate the amount of heat required for 
warm-up in the burner 5, and the compressor 14 is continuously operated to 
supply air to the burner 5. Thus the burner 5 is supplied with a sufficient amount 
25 of air and hydrogen to generate the amount of heat required for warm-up, and 
hence generates high-temperature combustion gas. The three-way valve 17 of the 
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heating medium supply system 4 is switched to the heat exchanger 6 side, and the 
pump 16 is operated. The heating medium flows through the pump 16, the fuel 
cell 1, the three-way valve 17, the heat exchange passage 20, and the heat 
exchanger 6. Following this processing, the process advances to a step S23. 
5 In the step S23, the exhaust three-way valve 21 is switched to the heat 

exchanger 6 side position and processing ends. In so doing, the high-temperature 
combustion gas generated in the burner 5 passes through the heat exchanger 6. 
The heat of the combustion gas is transmitted to the heating medium by heat 
exchange, and the increased-temperature heating medium is led to the fuel cell 1. 

10 As a result, the temperature of the fuel cell 1 rises rapidly to reach a temperature at 
which efficient running is possible in a short time period. 

According to the processing described above, combustion gas is led to the heat 
exchanger 6 only when a heating operation is performed, and at other times the 
combustion gas is discharged into the atmosphere without passing through the 

15 heat exchanger 6. Hence during operations other than a heating operation, and in 
particular during purging execution, the heat of the combustion gas is prevented 
from being transmitted to the heating medium. As a result, excessive heating and 
boiling of the heating medium, damage caused by increased pressure in the 
heating medium passage, and alteration of the heating medium can be suppressed. 

20 The following effect is obtained in this embodiment. 

(i) During a cold start-up operation, the heat of the high-temperature 
combustion gas generated in the burner 5 is supplied to the heating medium 
through the heat exchanger 6 such that the heating medium is heated and the fuel 
cell 1 is warmed. During hydrogen purging execution, the high- temperature 

25 combustion gas generated by the burner 5 is discharged through the exhaust 
three-way valve 2 1 (heat exchanger bypass mechanism) and does not pass through 
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the heat exchanger 6. 

Hence the heat generated during hydrogen purging is discharged into the 
atmosphere without being supplied to the heat exchanger 6, and thus no part of 
the heating medium is heated excessively even when the flow of the heating 
5 medium into the heat exchanger 6 is halted. As a result, boiling of the heating 
medium, increased pressure in the heating medium passage, and alteration of the 
heating medium can be avoided. 

Second Embodiment 

10 FIGs. 5 through 8 illustrate a second embodiment of this invention. FIG. 5 is 

a system diagram, FIG. 6 is a control block diagram, FIG. 7 is a flowchart of 
hydrogen purging determination control, and FIG. 8 is a flowchart of hydrogen 
purging control. 

In the second embodiment, a part of the heating medium is recirculated to the 
15 heat exchanger at all times. The exhaust three-way valve downstream of the 
burner 5 is removed and all of the combustion gas from the burner is supplied to 
the heat exchanger. Identical devices to the first embodiment have been allocated 
identical reference symbols, and description thereof has been omitted or simplified. 
As shown in FIG. 5, a location between the heat exchanger 6 and three-way 
20 valve 17 on the heat exchange passage 20 of the heating medium supply system 4 
is connected to the vicinity of the heating medium outlet of the fuel cell 1 by a 
passage 23, and a bypass valve 27, the opening of which is adjusted by the 
controller 9, is provided on the passage 23. 

A portion of the heating medium discharged from the fuel cell 1 flows into the 
25 heat exchange passage 20 in accordance with the opening of the bypass valve 27, 
passes through the heat exchanger 6, is aspirated by the pump 16, and then flows 
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to the fuel cell 1. Although not shown in the drawing, a similar operation can be 
performed without providing the bypass valve 27 by manipulating the three-way- 
valve 17 such that the heating medium flows into the heat exchange passage 20. 
The burner 5 is directly coupled to the heat exchanger 6, arid when the burner 
5 5 burns recirculated gas, all of the resultant combustion gas is supplied to the heat 
exchanger 6. 

During cold start-up, similarly to the first embodiment, the discharged air and 
the discharged hydrogen supplied through the purging valve 13 are burned by the 
burner 5, whereupon the high-temperature combustion gas is supplied to the heat 

10 exchanger 6. The three-way valve 17 is opened to the heat exchanger 6 side and 
all of the heating medium from the outlet of the fuel cell 1 is supplied to the heat 
exchanger 6 through the three-way valve 17. Hence during a cold start-up 
operation, the fuel cell 1 can be warmed up by supplying the heat of the 
combustion gas to the heating medium such that the heating medium is heated. 

15 Impurities accumulate in the recirculation path of the hydrogen supply 

system 2 which supplies hydrogen to the fuel cell 1, and thus the control described 
below is performed. 

FIG. 6 is a control block diagram of the controller 9 which is executed at 
predetermined time intervals. The controller 9 first determines whether hydrogen 
20 purging is to be executed according to a hydrogen purging determination portion 
28, and then, by means of a hydrogen purging control portion 29, either executes a 
hydrogen purging operation or continues normal operations without executing 
hydrogen purging according to the determination results of the determination 
portion 28. 

25 FIG. 7 is a flowchart of the hydrogen purging determination portion 28, and 

FIG. 8 is a flowchart of the hydrogen purging control portion 29. 
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As shown in FIG. 7, first, in a step S3 1, the hydrogen purging determination 
portion 28 determines whether a hydrogen purging permission flag FH2P is at 1 
(hydrogen purging permitted) or 0 (hydrogen purging not permitted). If the 
hydrogen purging permission flag FH2P is at 1, then hydrogen purging is already 
5 being executed, and since there is no need to determine that hydrogen purging is 
being executed, processing ends without amy further steps. If the hydrogen 
purging permission flag FH2P is at 0, then the process advances to a step S32. 

In the step S32, a determination is made as to whether or not an impurity 
accumulation index SUMGAS, which is the amount of impurities contained in the 
10 recirculated gas in the recirculation path measured as a numerical value, exceeds a 
predetermined value SLGAS. If the impurity accumulation index SUMGAS 
exceeds the predetermined value SLGAS, the process advances to a step S35, and if 
the impurity accumulation index SUMGAS is below the predetermined value 
SLGAS, it is determined that hydrogen purging is as yet unnecessary and the 
15 process advances to a step S33. 

In the step S35, the impurity accumulation index SUMGAS is set at zero, the 
hydrogen purging permission flag FH2P is set at 1, whereby permission is given for 
a hydrogen purging operation, and processing ends. 

In the step S33, a power generation amount W of the fuel cell 1 is read, and 
20 the process advances to a step S34. 

In the step S34, the impurity accumulation index SUMGAS is calculated 
according to the following equation: 

SUMGAS = WxK + SUMGAS 
whereupon processing ends. Here, if the current processing is performed once per 
25 second, for example, K is set to K = 1, and if processing is performed irregularly, K 
is set to a numerical value commensurate with the time from implementation of the 
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previous processing to the current processing. By setting K in this manner, the 
impurity accumulation index SUMGAS takes a value that is largely commensurate 
with an integrated value of the extracted power. The value of the impurity 
accumulation index SUMGAS is different to the actual amount of impurities, but 
5 since impurities in the hydrogen electrode are also largely proportionate to the 
amount of extracted power, similarly to SUMGAS, purging timing can be 
determined accurately by determining hydrogen purging timing according to the 
size of the impurity accumulation index SUMGAS. 

The timing for executing hydrogen purging is not limited to the timing 

10 described in this embodiment, and as disclosed in JP2000-243417A, published by 
the Japan Patent Office in 2000, hydrogen purging may be executed at fixed 
operating time intervals, or when the output voltage of the fuel cell falls below a 
predetermined value, or when the hydrogen concentration falls below a 
predetermined concentration. 

15 As shown in FIG. 8, first, in a step S41, the hydrogen purging control portion 

29 determines whether the hydrogen purging permission flag FH2P is at 1 
(hydrogen purging permitted) or not. If the hydrogen purging permission flag FH2P 
is at 1, the process advances to a step S42, and if hydrogen purging is not 
permitted, processing ends with no farther steps. 

20 In the step S42, a rotation speed NP of the pump 16 is read. In a step S43, 

an opening BVO of the bypass valve 27 which corresponds to the rotation speed NP 
of the pump 16 is set by referring to a pump rotation speed-opening table. In a 
step S44, the opening of the bypass valve 27 is adjusted to the opening BVO, the 
purging valve 13 is opened, and purging begins. 

25 In a step S45, a timer TM is increased by a predetermined amount T. 

Similarly to Kin the step S34 of FIG. 7, the predetermined amount T may by a fixed 
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value if the current processing is performed at fixed time intervals, but if the 
processing is irregular, then T is set to a value that is commensurate with the 
elapsed time from implementation of the previous processing to the present time. 
In so doing, the time at which purging is executed can be counted up accurately. 
5 In the step S46, a determination is made as to whether or not the timer TM 

has exceeded a predetermined value SLTM, and if not, processing ends with no 
further steps so as to continue purging. If the timer TM has exceeded the 
predetermined value SLTM, the process advances to a step S47, where, in order to 
end hydrogen purging, the bypass valve 27 and purging valve 13 are closed and the 

10 hydrogen purging permission flag FH2P is set to zero. The timer TM is also set to 
zero for a subsequent measurement, and thus processing ends. The 
predetermined value SLTM is set to a value at which a sufficient hydrogen purging 
effect can be expected and wasteful hydrogen discharge is minimized. This is set 
on the basis of experiment results. 

15 According to the processing described above, when hydrogen is purged, a 

predetermined amount of heating medium (based on the pump rotation 
speed-opening table in the step S43) is caused to flow to the heat exchanger 6 at all 
times, even when the three-way valve 17 is set to the radiator 18 side, or in other 
words the heat exchanger bypass passage 22 side, and thus excessive heat is 

20 prevented from being applied to one part of the heating medium. As a result, 
boiling of the heating medium, increased pressure in the heating medium passage, 
and alteration caused by thermal decomposition of the heating medium can be 
avoided. 

. When the three-way valve 17 is set to the heat exchanger 6 side, control of the 
25 bypass valve 27 is unnecessary, but there is no particular problem if this control is 
executed, and here no differentiation is made therebetween in order to simplify 
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control. Of course the cases may be differentiated such that control of the bypass 
valve 27 is not performed when the three-way valve 17 is set to the heat exchanger 
6 side. 

Also in the second embodiment, the passage 23 and bypass valve 27 are 
5 added, but if the three-way valve 17 is provided with an opening adjustment 
function such that during hydrogen purging a predetermined amount of the 
heating medium is caused to flow to the heat exchanger 6 side, similar effects may 
be obtained without providing the passage 23 and bypass valve 27. 
The following effect is obtained in this embodiment. 

10 (ii) Gas inside the hydrogen supply system 2 is discharged to the burner 5 

through the purging valve 13, whereby high- temperature combustion gas is 
generated by the burner 5. Dialing a cold start-up operation, the heat of the 
combustion gas r is provided to the heating medium by the heat exchanger 6 such 
that the heating medium is heated, and thus the fuel cell 1 can be warmed up. 

15 Even when the heating medium passage is set to the heat exchanger bypass 

passage 22 side by the three-way valve 17, a predetermined amount of the heating 
medium is caused to flow to the heat exchanger 6 side, and hence even during 
normal operations when warming-up is complete, a predetermined amount of the 
heating medium flows to the heat exchanger 6 while the burner 5 is operative. As 

20 a result, boiling of the heating medium, increased pressure in the heating medium 
passage, and alteration of the heating medium can be avoided. 

Third Embodiment 

FIGs. 9 through 12 illustrate a third embodiment of this invention. FIG. 9 is 
25 a system diagram, FIG. 10 is a control block diagram, FIG. 1 1 is a flowchart of 
heating medium passage selection control, and FIG. 12 is a flowchart of hydrogen 
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purging control. 

In the third embodiment, hydrogen purging is executed after the three-way 
valve has been switched such that the heating medium flows into the heat 
exchanger. Identical devices to those in FIGs. 1 through 8 have been allocated 
5 identical reference symbols, and description thereof has been omitted or simplified. 

As shown in FIG. 9, in the fuel cell system of the third embodiment, the 
passage 23 and bypass valve 27 of the fuel cell system shown in FIG. 5 have been 
removed. Prior to the execution of hydrogen purging, the controller 9 switches the 
three-way valve 17 to the heat exchanger 6 side. 
10 FIG. 10 is a control block diagram of the controller 9 which is executed at 

predetermined time intervals. 

First, the controller 9 determines whether or not hydrogen purging is to be 
executed by means of the hydrogen purging determination portion 28. When 
permission is given for hydrogen purging to be executed, the heating medium is 
15 caused to flow to the heat exchanger 6 side by a heating medium passage selection 
portion 30, and then hydrogen purging control is executed by a hydrogen purging 
control portion 31. The hydrogen purging determination portion 28 is identical to 
that shown in FIG. 7 of the second embodiment, and hence description thereof has 
been omitted. 

20 FIG. 1 1 is a flowchart of the heating medium passage selection portion 30. 

FIG. 12 is a flowchart of the hydrogen purging control portion 3 1 . 

As shown in FIG. 11, first, in a step S51, the heating medium passage 

selection portion 30 determines whether the hydrogen purging permission flag 

FH2P is at 1 (hydrogen purging permitted) or not. If hydrogen purging is not 
25 permitted, the process advances to a step S52, and if purging is permitted, the 

process advances to a step S55. 
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In the step S52, the temperature TFC of the fuel cell 1 detected by the 
temperature sensor 7 is read. In a step S53, a determination is made as to 
whether or not the fuel cell temperature TFC is lower than the predetermined 
temperature SLTFC If the temperature TFC is higher than the set temperature 
5 SLTFC, the process advances to a step S54, where the three-way valve 17 is set to 
the radiator 18 side in order to cool the heating medium, and thus processing ends. 
If, on the other hand, the temperature TFC is lower than the set temperature SLTFCy 
the process advances to the step S55. 

In the step S55, the three-way valve 17 is set to the heat exchanger 6 side 
10 such that the heating medium flows into the heat exchanger 6, and thus 
processing ends. By means of this control, the heating medium invariably flows 
into the heat exchanger 6 during hydrogen purging. 

As shown in FIG. 12, first, in a step S61, the hydrogen purging control portion 
31 determines whether the hydrogen purging permission flag FH2P is at 1 
15 (hydrogen purging permitted) or not. If hydrogen purging is not permitted, 
processing ends, and if purging is permitted, the process advances to a step S62. 

In the step S62, the purging valve 13 is opened and hydrogen purging begins. 
In a step S63, the timer TM is increased by the predetermined amount T 

Similarly to K in the step S34 of FIG. 7, the predetermined amount 7 may by a 
20 fixed value if the current processing is performed at fixed time intervals, but if the 
processing is irregular, then T is set to a value that is commensurate with the 
elapsed time from implementation of the previous processing to the present time. 
In so doing, the time during which purging is executed can be counted up 
accurately. 

25 In the step S64, a determination is made as to whether or not the timer TM 

has exceeded a predetermined value SLTM. If not, processing ends with no further 
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steps so as to continue purging, and if so, the process advances to a step S65, 
where, in order to end hydrogen purging, the purging valve 13 is closed and the 
hydrogen purging permission flag FH2P is set to zero. The timer TM is also set to. 
zero for a subsequent measurement, and thus processing ends. The 
5 predetermined value SLTM is set to a value at which a sufficient hydrogen purging 
effect can be expected and wasteful hydrogen discharge is minimized. This is set 
on the basis of experiment results. 

By implementing the processing described above, when the heating medium 
passage is set to the radiator 18 side (the heat exchanger bypass passage 22 side), 

10 hydrogen purging is performed after the passage is altered to the heat exchanger 6 
side, and thus no part of the heating medium remains inside the heat exchanger 6. 
As a result, boiling of the heating medium, increased pressure in the heating 
medium passage, and alteration of the heating medium due to thermal 
decomposition, which are caused by only one part of the heating medium being 

15 heated, can be avoided. 

Further, the burner 5 for raising the temperature of the fuel cell 1 during 
low-temperature start-up and the burner 5 for burning the hydrogen discharged 
during purging may be integrated. 

The following effect is obtained in this embodiment. 

20 (iii) Gas inside the hydrogen supply system 2 which supplies hydrogen to the 

fuel cell 1 flows into the burner 5 through the hydrogen purging valve 13 and is 
caused to react with oxygen in the burner 5 to generate high-temperature 
combustion gas. Hence during a cold start-up operation, the heat of the 
combustion gas is provided to the heating medium by the heat exchanger 6 such 

25 that the heating medium is heated, and thus the fuel cell system can be warmed. 

When the three-way valve 17 is provided to switch the heating medium 
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passage to the heat exchanger 6 side or the heat exchanger bypass passage 22 
(radiator 18) side, and if the heating medium is flowing to the heat exchanger 
bypass passage 22 side when hydrogen purging is requested, hydrogen purging is 
performed after the heating medium passage has been switched to the heat 
5 exchanger 6 side. Thus the heat that is generated during hydrogen purging is 
absorbed by the heating medium via the heat exchanger 6. There is no need to 
provide an exhaust three-way valve between the burner 5 and heat exchanger 6, 
and moreover, boiling of the heating medium, increased pressure in the heating 
medium passage, and alteration of the heating medium can be avoided without 
10 increasing the work of the pump 16. 

Fourth Embodiment 

FIGs. 13 and 14 illustrate a fourth embodiment of this invention. FIG. 13 is a 
control block diagram, and FIG. 14 is a flowchart of hydrogen purging control. 
15 The system constitution is identical to the constitution of the third embodiment 
shown in FIG. 9. If the heating medium is flowing to the radiator side when 
hydrogen purging is requested, purging is prohibited until the heating medium 
flows to the heat exchanger side. Identical devices to those in FIGs. 1 through 12 
have been allocated identical reference symbols, and description thereof has been 
20 omitted or simplified. 

FIG. 13 is a control block diagram of the controller 9 which is executed at 
predetermined time intervals. 

First, the controller 9 determines whether or not hydrogen purging is to be 
executed by means of the hydrogen purging determination portion 28. If hydrogen 
25 purging is permitted, the heating medium is caused to flow to the heat exchanger 6 
side by the heating medium passage selection portion 30. Hydrogen purging 
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control is then executed by a hydrogen purging control portion 32. The hydrogen 
"purging control portion 32 alters the timing of hydrogen purging execution 
according to an instruction from the heating medium passage selection portion 30. 
The hydrogen purging determination portion 28 is identical to that in FIG. 7 of the 
5 second embodiment and the heating medium passage selection portion 30 is 
identical to that shown in FIG. 1 1 of the third embodiment, and hence descriptions 
thereof have been omitted. 

FIG. 14 is a flowchart of the hydrogen purging control portion 32. 
First, in a step S71, the hydrogen purging control portion 32 determines 
10 whether the hydrogen purging permission flag FH2P is at 1 (hydrogen purging 
permitted) or not If hydrogen purging is not permitted, the process advances to a 
step S77, and if purging is permitted, the process advances to a step S72. 

In the step S72, the direction in which the three-way valve 17 is opened is 
referenced. If the three-way valve 17 is opened to the radiator 18 side, or in other 
15 words to the heat exchanger bypass passage 22 side, the process advances to the 
step S77, and if the three-way valve 17 is opened to the heat exchanger 6 side, the 
process advances to a step S73. 

In the step S73, the purging valve 13 is opened and hydrogen purging begins. 
Purging is executed in steps S74 through S76. The processing of the steps S74 
20 through S76 is identical to that of the steps S63 through S65 in FIG. 12 of the third 
embodiment, and hence description thereof has been omitted. 

In the step S77, the purging valve 13 is closed, purging execution is prohibited, 
and processing ends. 

According to the processing described above, when the three-way valve 17 is 
25 opened to the radiator 18 side such that the heating medium does not flow into the 
heat exchanger 6, the process moves from the step S72 to the step S77, where the 
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purging valve 13 is closed. Thus boiling of the heating medium, increased 
pressure in the heating medium passage, and alteration of the heating medium due 
to thermal decomposition can be avoided. 

Further, if the heating medium passage switches to the radiator 18 side (heat 
5 exchanger bypass passage 22 side) during purging, purging is prohibited at that 
point. However, the value of the timer TM maintains its value without being reset 
until purging is complete. Hence when purging is restarted, the timer TM starts 
from the value at which purging was prohibited such that purging is only executed 
for the required period of time. 

10 In this embodiment, the following effect is obtained in addition to the effect (iii) 

in the third embodiment. 

(iv) If the heating medium is flowing to the heat exchanger bypass passage 
22 side (radiator 18 side) when hydrogen purging is requested, purging is 
prohibited until the heating medium flows to the heat exchanger 6 side, and thus 

15 boiling of the heating medium, increased pressure in the heating medium passage, 
and alteration of the heating medium can be avoided. 

Fifth Embodiment 

FIGs. 15 and 16 illustrate a fifth embodiment of this invention. FIG. 15 is a 
20 system diagram and FIG. 16 is a flowchart of heating medium passage selection 
control. 

In the fifth embodiment, the cooling ability of the radiator is increased such 
that the temperature of the heating medium can be cooled more quickly than usual. 
If the heating medium is flowing to the radiator side when hydrogen purging is 
25 requested, the cooling ability of the radiator is raised such that the heating medium 
is cooled rapidly, whereupon the heating medium is caused to flow to the heat 
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exchanger side and hydrogen purging is performed. It should be noted that 
identical devices to those in FIGs. 1 through 14 have been allocated identical 
reference symbols, and description thereof has been omitted or simplified. 

As shown in FIG. 15, the system constitution is almost identical to the 
5 constitution of the third embodiment shown in FIG. 9, but difFers therefrom in that 
a heating medium thermometer 33 for measuring the temperature of the heating 
medium is provided at the outlet of the radiator 18 and temperature signals from 
the heating medium thermometer 33 are inputted into the controller 9. 

The control block diagram of the controller 9 is identical to that of the fourth 
10 embodiment shown in FIG. 13. First, a determination is made as to whether or 
not hydrogen purging is to be executed by means of the hydrogen purging 
determination portion 28, and if hydrogen purging is permitted, the heating 
medium is caused to flow to the heat exchanger 6 side by the heating medium 
passage selection portion 30. Hydrogen purging control is then executed by the 
15 hydrogen purging control portion 32. The hydrogen purging control portion 32 
alters the timing of hydrogen purging execution according to an instruction from 
the heating medium passage selection portion 30. 

The hydrogen purging determination portion 28 is identical to that of the 
second embodiment shown in FIG. 7 and the hydrogen purging control portion 32 
20 is identical to that of the fourth embodiment shown in FIG. 14. Hence 
descriptions thereof have been omitted. 

FIG. 16 is a flowchart of the heating medium passage selection portion 30. 
First, in a step S81, the heating medium passage selection portion 30 reads 
the fuel cell temperature TFC 9 and in a step S82, determines whether or not the 
25 fuel cell temperature TFC is higher than a low set temperature SLTFCL. If not, the 
process advances to a step S92, and if so, the process advances to a step S83. 



- 23 - 

In the step S92, the three-way valve 17 is switched to the heat exchanger 6 
side and processing ends without cooling the fuel cell 1. 

In the step S83, the three-way valve 17 is switched to the radiator 18 (heat 
exchanger bypass passage 22) side to prepare for cooling the fuel cell 1. 
5 In a step S84, a determination is made as to whether the hydrogen purging 

permission flag FH2P is at 1 (hydrogen purging permitted) or not. If hydrogen 
purging is permitted, the process advances to a step S91. In the step S91, the 
rotation speed of the pump 16 is set to a second predetermined rotation speed that 
is higher than a first predetermined rotation speed (the pump rotation speed during 

10 normal operations), and the fan 19 is caused to rotate. Thus a large amount of the 
cooled heating medium that has been cooled by the radiator 18 is transmitted to 
the fuel cell 1 such that the fuel cell 1 can be cooled rapidly. 

If hydrogen purging is not permitted in the step S84, normal control is 
performed without performing the rapid cooling operation described above. More 

15 specifically, the process advances to a step S85, where a determination is made as 
to whether or not the temperature TFC of the fuel cell 1 is higher than a high set 
temperature SLTFCH which is higher than the low set temperature SLTFCL. If the 
temperature TFC is higher than the high set temperature SLTFCH, the rotation 
speed of the pump 16 is set to a second predetermined rotation speed which is 

20 higher than a first predetermined rotation speed in a step S90. If the temperature 
TFC is lower than the high set temperature SLTFCH, the rotation speed of the pump 
16 is set to the first predetermined rotation speed in a step S86. 

In a step S87, a heating medium temperature TLLC detected by the 
temperature sensor 33 is read. In a step S88, a determination is made as to 

25 whether the heating medium temperature TLLC is lower than a heating medium 
predetermined temperature SLTLLC- If so, the current processing ends with no 
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further steps, and if not, the fan 19 is caused to rotate in a step S89. 

By means of the processing described above, when the temperature of the fuel 
cell 1 is high and the three-way valve 17 is opened to the radiator 18 side, hydrogen 
purging is implemented after the fuel cell 1 is cooled rapidly such that the 
5 temperature of the fuel cell 1 drops sufficiently and the three-way valve 17 is 
switched to the heat exchanger 6 side. As a result, boiling of the heating medium, 
increased pressure in the heating medium passage, and alteration of the heating 
medium due to thermal decomposition can be avoided. Excessive increases in the 
temperature of the fuel cell 1 can also be avoided, and the time during which 
10 hydrogen purging is prohibited can be shortened. 

In this embodiment, the following effects are obtained in addition to the effect 
(iii) in the third embodiment and the effect (iv) in the fourth embodiment. 

(v) The radiator 18 which cools the heating medium and the fan 19 which 
increases the cooling ability of the radiator 18 such that the heating medium is 

15 cooled more quickly than usual are provided on the heat exchanger bypass passage 
22 (radiator 18) side. If the heating medium is flowing on the radiator 18 side 
when hydrogen purging is requested, first the heating medium is cooled rapidly 
below a predetermined temperature by the fan 19, then the heating medium 
passage is switched to the heat exchanger 6 side, and then hydrogen purging is 

20 executed. Thus the temperature of the fuel cell 1 is held at an optimum level and 
hydrogen purging is performed at an appropriate timing, and as a result, boiling of 
the heating medium, increased pressure in the heating medium passage, and 
alteration of the heating medium can be avoided. 

(vi) By using the pump 16 which increases the flow of heating medium 
25 through the radiator 18 as a mechanism for adjusting the cooling ability of the 

radiator 18, the cooling ability of the radiator 18 can be adjusted without adding 
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any special devices. 

(vii) By using the fan 19 which increases the flow of air through the radiator 
18 as a mechanism for adjusting the cooling ability of the radiator 18, the fuel cell 
can be cooled efficiently. 

5 

Sixth Embodiment 

FIGs. 17 through 19 illustrate a sixth embodiment of this invention. FIG. 17 
is a flowchart of hydrogen purging determination control, FIG. 18 is a flowchart of 
heating medium passage selection control, and FIG. 19 is a flowchart of hydrogen 

1 0 purging control. 

In the sixth embodiment, if the heating medium is flowing on the radiator side 
when hydrogen purging is requested, a selection is made according to the urgency 
of purging to either execute hydrogen purging after switching the heating medium 
passage to the heat exchanger side, or to prohibit purging. Identical devices to 

15 those in FIGs. 1 through 16 have been allocated identical reference symbols, and 
description thereof has been omitted or simplified. The system constitution is 
identical to that of the fifth embodiment shown in FIG. 15. 

A control block diagram of the controller 9 has been omitted, but would be 
similar to that of the fourth embodiment shown in FIG. 13. First, a determination 

20 is made as to whether hydrogen purging is to be executed by means of the 
hydrogen purging determination portion 28, and if hydrogen purging is permitted, 
the heating medium is caused to flow to the heat exchanger 6 side by the heating 
medium passage selection portion 30. Hydrogen purging control is then executed 
by the hydrogen purging control portion 32. 

25 FIG. 17 is a flowchart of the hydrogen purging determination portion 28, FIG. 

18 is a flowchart of the heating medium passage selection portion 30, and FIG. 19 



is a flowchart of the hydrogen purging control portion 32. 

As shown in FIG. 17, first, in a step S101, the hydrogen purging 
determination portion 28 reads the current amount of power detected by the 
wattmeter 8 and a hydrogen purging duration TM which is counted by the 
5 hydrogen purging control portion 32, as will be described below. 

In a step SI 02, the impurity accumulation index SUMGAS is calculated 
according to the following equation: 

SUMGAS = SUMGAS + WxK1 - TM xK2 
The index SUMGAS is the amount of impurities in the recirculated gas, which 
10 increases when the fuel cell 1 is driven and decreases when hydrogen purging is 
executed, measured as a numerical value. Here, K1, K2, and so on are adjusted 
and set to appropriate values by means of experiment or the like. 

In a step S103, a determination is made as to whether or not the index 
SUMGAS is larger than a first predetermined value SLGASL If so, the process 
15 advances to a step SI 04, where a first purging permission flag FH2PL is set at 1 
and a second purging permission flag FH2PH is set at 0. 

In a step S105, a determination is made as to whether or not the index 
SUMGAS is larger than a second predetermined value SLGASH which is larger than 
the first predetermined value SLGASL If the index SUMGAS is larger than the 
20 second predetermined value SLGASH, the process advances to a step S106, where 
the second purging permission flag FH2PH is set at 1 and the first purging 
permission flag FH2PL is set at 0. 

In a step SI 07, a determination is made as to whether the index SUMGAS has 
fallen below zero. If so, it is determined that purging is complete and the process 
25 advances to a step SI 08, where both the first and second purging permission flags 
are set at zero, purging is prohibited, and processing ends. 
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According to the processing described above, determinations are made as to 
whether the currently accumulated amount of impurities is at a level at which 
purging is urgently required {SUMGAS > SLGASH), a level at which it is possible to 
wait until the heating medium passage is switched to the heat exchanger side 
5 {SLGASH > SUMGAS > SLGASL), or whether purging is complete (0 > SUMGAS). 

As shown in FIG. 18, first, in a step Sill, the heating medium passage 
selection portion 30 determines whether the second purging permission flag FH2PH 
is at 1 or not. If the second purging permission flag FH2PH is at 1 (a state in which 
purging is required urgently), the three-way valve 17 is switched to the heat 
10 exchanger 6 side in a step SI 23 in order to perform purging, whereby the heating 
medium flows into the heat exchanger 6, and thus processing ends. 

If the second purging permission flag FH2PH is at 0, the process advances to a 
step SI 12. In the step SI 12, the temperature TFC of the fuel cell 1 is read, and in 
a step SI 13, a determination is made as to whether or not the fuel cell temperature 
15 TFC is higher than the predetermined temperature SLTFCL. If not, the three-way 
valve 17 is switched to the heat exchanger 6 side in the step SI 23 and the 
temperature of the fuel cell 1 is not cooled any further. If so, the three-way valve 
17 is set to the radiator 18 side in a step SI 14, whereby the heating medium is 
cooled. 

20 In a step SI 15, a deteimination is made as to whether or not the first purging 

permission flag FH2PL is at 1. If the flag FH2PL is at 1, the process advances to a 
step SI 19, and if at 0, the process advances to a step SI 16. The processing in 
steps SI 16 through S122 is identical to the processing of the steps S85 through 
S89 in FIG. 16 of the fifth embodiment, and hence description thereof has been 

25 omitted. 

According to the processing described above, when purging is required 
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urgently and when the temperature of the fuel cell 1 is lower than the 
predetermined temperature SLTFCL, the three-way valve 17 is opened to the heat 
exchanger 6 side to prevent the temperature of the fuel cell 1 from falling any 
further. In all other cases, cooling is performed actively by controlling the rotation 
5 speed of the pump 16 and/or by causing the fan 19 to rotate. 

As shown in FIG. 19, first, in a step S131, the hydrogen purging control 
portion 32 determines whether or not the second purging permission flag FH2PH is 
at 1. If the flag FH2PH is at 1, the process advances to a step SI 34 in order to 
implement hydrogen purging urgently. In the step SI 34 the purging valve 13 is 

10 opened, and in a step SI 35 the hydrogen purging duration TM is counted up, 
whereupon processing ends. 

If, on the other hand, the second purging permission flag FH2PH is at 0 in the 
step S131, the process advances to a step S132. In the step S132, a 
determination is made as to whether or not the first purging permission flag FH2PL 

15 is at 1. If the flag FH2PL is not at 1, purging has not been requested, and hence 
the process advances to a step SI 36, where the hydrogen purging duration TM is 
reset. In a step SI 37, the purging valve 13 is closed and thus processing ends. 

If FH2PL is at 1 in the step S132, the process advances to a step S133. In the 
step S133, a determination is made as to whether or not the three-way valve 17 is 

20 set to the radiator 18 side, or in other words the heat exchanger bypass passage 22 
side. If the three-way valve 17 is set to the radiator 18 side, the purging valve 13 is 
closed in a step SI 37 in order to postpone purging implementation timing, 
whereupon processing ends. If, on the other hand, the three-way valve 17 is set to 
the heat exchanger 6 side, then purging is possible, and thus the purging valve 13 

25 is opened in the step S134. In the step SI 35 the hydrogen purging duration TM is 
counted up, whereupon processing ends. 
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According to the processing described above, when purging is required 
urgently, even when the temperature of the fuel cell 1 is higher than the 
predetermined temperature SLTFCL, purging can be executed by causing the 
heating medium to flow to the heat exchanger 6 side. When purging is required 
5 but normal operations may still be performed without performing purging urgently, 
purging is prohibited such that cooling of the fuel cell 1 can be given priority. 
Thus boiling of the heating medium, increased pressure in the heating medium 
passage, and alteration of the heating medium due to thermal decomposition can 
be avoided while maintaining an optimum balance between purging and 
10 temperature management of the fuel cell 1 . 

As well as the amount of accumulated impurities, purging urgency may also 
be forecast from voltage decreases in the cell constituting the fuel cell 1, the 
operating time of the fuel cell 1, the operating load of the fuel cell 1, or the duration 
of purging in the fuel cell 1, and hence purging urgency may be determined on the 
1 5 basis of any one or a combination of these factors. 

In the sixth embodiment, the effects described below are obtained in addition 
to the effect (iii) in the third embodiment, the effect (iv) in the fourth embodiment, 
and the effects (vi) and (vii) in the fifth embodiment. 

(viii) If the heating medium is flowing on the heat exchanger bypass passage 
20 22 (radiator 18) side when hydrogen purging is requested, a selection is made 

according to the urgency of purging to either switch the heating medium passage to 
the heat exchanger 6 side and perform hydrogen purging, or to prohibit purging. 
Hence boiling of the heating medium, increased pressure in the heating medium 
passage, and alteration of the heating medium can be avoided while balancing 
25 demands for hydrogen purging and demands for fuel cell cooling. 

(ix) When the urgency level of the requested hydrogen purging is high, the 
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heating medium passage is switched to the heat exchanger 6 side and hydrogen 
purging is performed, and hence hydrogen purging can be executed without long 
delays from optimum hydrogen purging timing. 

(x) If the urgency level of hydrogen purging falls during the execution of 
5 hydrogen purging, the heating medium passage is switched to the heat exchanger 
bypass passage 22 (radiator 18) side and hydrogen purging is prohibited. Hence 
when there is no urgent need to perform hydrogen purging, priority can be given to 
cooling the fuel cell 1 . 

(xi) When the urgency level of hydrogen purging is low, purging is prohibited 
10 and priority can be given to requests for cooling of the fuel cell 1 . 

(xii) The radiator 18 is provided for cooling the heating medium in the heat 
exchanger bypass passage 22, and the pump 16 which transmits the heating 
medium that passes through the radiator 18 and the fan 19 which transmits 
cooling air to the radiator 18 are provided as mechanisms for adjusting the cooling 

15 ability of the radiator 18. Hence, when the level of urgency of the requested 
hydrogen purging is low, hydrogen purging is prohibited, whereupon the pump 16 
and fan 19 are used to raise the cooling ability of the radiator 18 such that the 
heating medium is cooled below a predetermined temperature. The heating 
medium passage is then switched to the heat exchanger 6 side and hydrogen 

20 purging is. permitted. In so doing, requests for hydrogen purging can be satisfied 
while sufficiently satisfying requests for cooling of the fuel cell 1 . 

(xiii) The purging urgency is determined on the basis of the amount of 
accumulated impurities, the cell voltage of the fuel cell 1, the operating time of the 
fuel cell 1, the operating load of the fuel cell 1, or the duration of purging in the fuel 

25 cell 1, and thus the purging urgency can be understood accurately. 

The entire contents of Japanese Patent Application P2002-328269 (filed 
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November 12, 2002) are incorporated herein by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
5 above will occur to those skilled in the art in the light of the above teachings. The 
scope of the invention is defined with reference to the following claims. 



INDUSTRIAL APPLICABILITY 



10 This invention can be applied widely to fuel cells in which gas is recirculated. 

In cases where discharged recirculated gas is processed by combustion, this 
invention is useful in preventing increased pressure in a heating medium passage 
and alteration of the heating medium, which are caused by boiling of the heating 
medium. 



15 



